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Nachdruck verboten. 


The use of a modified Rossi-Cholodny technic for studying 
the organisms that decompose certain organic compounds in soil, 
[From the Institute of Agriculture Puławy, Poland. ] 


By Jadwiga Ziemiecka. 
With 15 figures in the text. 


New methods for the study of the activities of soil microbes in their 
natural surroundings have been developed during the last two decades by 
Conn, Winogradsky and others. An index of the extent to which 
the so-called “Méthode directe” has been of interest in soil micro- 
biology, can be gained from the numerous applications made hitherto and 
from the number of modifications of it, which have been proposed. A techni- 
que which may be entitled to the adjective “direct” was worked out by 
Rossi (1) and also by Cholodny (2). The basis of their methods 
consisted in burying a slide in soil and examining the microflora which 
developed upon the slide. These methods promised to be of particular value 
in the qualitative study in natural soil profiles, of the physiognomy of life 
processes of the micro-organisms in their natural habitat and of mutual 
relationships of micro-organisms during the course of processes of growth 
and decay in the soil. The method of Cholodny (,,Aufwuchsplatten- 
‘Methode“) was adapted by Conn (3) for the study of soils in laboratory 
conditions. Both Cholodny and Conn attempted the examination 
of unchanged soils as well as the study of decomposition of cellulose added 
to soil. 

The author has tried to apply the laboratory technique of Conn to 
the study of the physiognomy of microbial life in soils after disturbing the 
normal soil equilibrium by the addition of different single organic sub- 
stances, with a view to examining their chemotactical effect upon soil microbes. 
This application of the method seemed to be a useful addition to the well 
known direct methods of Winogradsky. Thirteen substances were 
chosen, such as might occur in original plant residues during the course of 
decomposition. These substances were: a) Organic compounds of nitrogen: 
peptone, alanine, asparagine, urea; b) non-nitrogenous substances: glu- 
cose, starch, xylan, cellulose; oleic, palmitic and stearic acids; phenol, and 
agar-agar; all in presence of small amounts of added nitrate. 


Soils. 

Only garden or arable soils were studied, they differed. however, either 
in character or in treatment. Special care was given to the choice of soils 
with different reactions, with pH varying from 4.0 to 7.0. Most of the 
samples were taken from experimental fields. Special attention was paid 
to those soils which had acquired a high degree of physiological acidity, 
and had a pH of about 4.0— 4.5. 


Technique of investigation. 
Soil samples were taken from a layer of 5—10 em depth and examined 
while fresh. Glass pots were filled with soil, and, if necessary, the moisture 
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Table 1. Growth of Micro-Organisms on Glass Slides Treated with Different Organic Compoy;,,;. 


Name of Compound Time of Culture at 30° ; 
16 hours 


and Type of Soil | 4—5 hours | 6 hours 9 hours | 


1. Peptone in Garden | A few big Rods | Thick growth of | Same growth, | Same mixed 
and in Loamy soils | in long chains Rods in chains | small Rods and | growth 
Actinomycetes 
2. Alanine in Garden | A few Cocco- | More Coccobac- oe = 
soil bacteria and teria 
Moulds 
3. Asparagine, Gar- | A few long thin | Thick growth of — 
den soil Rods Rods 2-3/0.5 u 
; eS aS PR Very thick 
Loamy soil None Thick growth of a 
big Rods 3—5 5 
me /1—1.5 u 7 
4. Glucose + KNO, | None A few Clostridi- — — 
Garden soil um-like forms 
5. Starch + KNO, | None None — Thick growth i 
Garden soil thin Rods (1.5 
—3 yp long); « 
few Actino- 
mycetes 
6. Stearic and == — — None 
7. Palmitic acids + 
KNO,, Garden a. 
Loamy soils 
8. Oleic acid + KNO,, = = ji — None 
Garden a. Loamy 
soils 
9. Xylan + KNO, = oe i = — 
Garden a. Loamy 
soils 7 f E —_ 
10. Cellulose + KNO, | — = = = — 
Gard., Loamy soils | 
ll. Agar-Agar + | — -i a _ 


KNO,, Gard. soil 


12. Urea, Garden, — | —= — = 
Loamy soils 


13. Phenol + KNO, z | A m ~ 
Garden soil | 


The use of a modified Rossi-Cholodny technic for studying the organisms ete. 38] 


aried in Fertile Soils. (Garden soil with ph 7.0 and rich loamy soil with ph 6.8—7.0.) 


īrs and Days 


40 hours 


hours | 


eD ai of 
es of big 
; domi- 
t ne mixed 
th of Bact. 
inomycetes 
Moulds 


Chiefly spores; 
Hyphae in de- 
cay, attacked 
by long-thin, 
pale Bacilli 


No more specific 
Bac., secondary 
growth of Cocci, 
small Bac. a. 


Clostridi- — 
ike Forms 
Rods 


spec. Rods a. 
of Actinomy- 
cetes; a few 
Moulds 


Bacilli, a few 
Moulds 


growth of 
Bacteria 


many Moulds 


16 hours ‘Thick growth of 


Spore forming 


| Beginning 


48 hours 72 hours 7 days 10—17 days 
| 
More dense 4 days: 7 days: 
growth of Ac- | Masses of sporulating Ac- | Hyphae in 
tinomycetes tinomycetes, also many decay at- 
(a. Moulds with Moulds tacked by 
Palmit. acid) Cocci 
More dense Thick growth| Hyphae at- |Same growth 
growth of of Moulds tacked by | and many 
Moulds long pale | Actinomyc. 
Rods and 
Cocci 
Thick growth of -= — = 
Cytophaga a. 
other Bact. 
Also Moulds | | 
a. Actinomyc. | 
None | 4 days: Same 
Many Actinomycetes in growth 


spore formation 


A few long, V- 
thin Rods 


None 


| Medium — 

| growth of 
long Rods | 
and other 


Bacteria 


| 
| More small 


A few irre- 
| Rods 


gular small 

Rods and | 
sm. Plect- 

ridiumlike 

forms 
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Table 2. Growth of Micro-Organisms on Glass Slides Treated with Different Compounds an 


Time of Incubation ,. 


Name of Compound 


4—5 hours | 6 hours 16—17 hours | 21 hours 
ee ee Ee SS SS 
Alanine ...... | A few Moulds} Moulds | Thick growth of | Thick growth of spor. 
Moulds forming Moulds: A, 
tinomycetes 
Peptone. ... - - | None Afew Moulds — Thick growth wot Air 


nomycetes a. Mould. 
few big Rods (Chitin. 


Asparagine .. . . | None Thick growth Thick growth of Mouli 
of Moulds 

Starch i: > aawa — None — Chiefly Actinomyert, 
and Moulds; a fex 
pointed Rods 

DOWIE wk a a u i a — — — None 

Cellulose. ..... — — — None : 

“Stearic acid ... . — — — None 

Palmitic acid ... — = — None 7 

Oleic acid . .... — = — None 

TURGE og. ex Xo = | — s None 


Phenol 


content of the soil was adjusted with sterile water. Previously well cleaned 
and sterile microscope slides were smeared with solutions or suspensions 
of one of the compounds listed above, and carefully, dried. The compound 
was applied on the surface of about 2 em? of the slide, and the quantity ol 
it on each was about 10—20 mg. Cellulose was given, as powder or as sheets 
of filter paper or as cellophane. This last proved to be specially appropriate 
for the microscopical study of the development of colonies of microorganism= 
attached to its surface. The stimulating influence of compounds, which 
are practically insoluble in water, could be still better demonstrated whic! 
the compounds were applied as a row of small spots along the middle of thy 
slides. For every nutrient a separate pot was used, each pot containing 
a set of six or more coated slides. The slides were covered with soil and kep! 
in a vertical position. All the laboratory series have been investigated al 
30° C, with the exception of a thermophilic incubation, which was kept 2! 
60—650 C. The time-factor was considered here as indicator of the ability 
of different soils to break down the incorporated substances. At interval 
of time the slides were taken out of the soil, care being taken not to disturb 
the growth adherent to their surface. The slides were dried at 50° C, staine'| 
with phenol-erythrosine for 15 minutes and examined under a magnificatl! 
of 1000. A good deal of data have been already furnished by Wit: 
gradsk y (4, 5), regarding the growth rates of different soil microorgall- 
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X in Poor Acid Soils. (Two poor sandy acid soils with ph 4.0—4.5 and 4.5—5.0.) 
Co n Hours and Days 


T740 hours | 48 hours 72 hours | 7 days | 10 days 


a owth as at | — | = = — 
pours 


3 Moulds and == = | = == 
tinomycetes 


— Moulds and Acti- S = = 


3 nomycetes 
ik mixed growth = Fe < — 
P ointed Rods; 
Motinomycetes a. 
ou ds 
Moulds — — — 


Thick growth of = — — 
Moulds and Acti- 


nomycetes 
— Sporulating — Sporulating 
Moulds Moulds a. Ac- 
t tinomycetes 
— Sporulat. Moulds — Sporul. Moulds — 
k and Actinomyce- and Actino- 
tes mycetes 
H — Sporulating _ = =x 
r Moulds f 
6 — A few long thin | A few Rods and — 
Rods other Bacteria 


— None None | None None 


` in his studies on microbial activity, which were carried out on elective silica- 
jelly cultures. In Winogradsky’s opinion (5), seven or eight hours 
© suffice to give abundant growth of peptone and asparagine destroying or- 
-ganisms; decomposition of cellulose is visible after three or four days, but 
~ ten days or more are required to get a noticeable growth of phenol-decom- 
Posing organisms, even in a very fertile soil. To study the stimulating power 
~ of different compounds on soil microflora after long and uniform terms of 
incubation, may thus lead to erroneous interpretation. 


Investigations and Results. 

Two fertile and two poor soils were chosen for experiments under labora- 
= tory conditions with the organic substances listed above. Mineral nitrogen 
was added to the non-nitrogenous range in the form of nitrate. The fertile 
soils were: a garden soil rich in humus and in mineral nitrogen, pH 7.0, and 
a rich arable loamy soil. pH 6.8—7.0. The poor soils were sandy with a 
PH of 4.0—4.5 and about 5.0 respectively. Results of the examination of 
these soils are given in tables 1 and 2. 

: No differences have been noted between the two acid soils in respect 
= Of the growth of microbes with the whole set of compounds. A difference 
= between the garden and the loamy soil was observed only in case of aspara- 

Š gme. The results in Table I and 2 are arranged in the order of decreasing 
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speed of development of the specific microbes nourished by the various com- 
pounds added upon the slides. The tables contain a brief description of the 
consecutive development of micro-organisms on the slides, and they are 
illustrated by photographs of the most characteristic groupings of growth 
on the variously coated slides. 


Nitrogenous substances. 


Peptone. The onset of micro-organic attack was particularly rapid 
in the case of peptone. In garden soil (Table 1) its stimulating effect was 
so quick, that after only 
4—5 hours of culture at 
30°C examination of the 
slides showed the presence 
of characteristic nests 
of bacteria, composed 


Fig. 3. Fig. 4. 


Fig. 1—3. Growth of Micro-organisms on slides with Peptone: 
Fie. 1. Big rods in loamy soil with pH 6.8 7.0, after 5 hours at 30" C. 
Fig. 2. Chains of reds develop round rests of peptone, Rods begin to fet 


spores. 21 hours old culture in garden soil with pH 7.0. 
1 


Fig. 3. Chains of spores of the bie rods and beginning growth of A€ 
myeetes. in loamy soil after 24 hours of culture. 
ig. 4. Growth ou slides with Asparagine. Bie rods with granular struct! 


6 hours of culture in loamy soil. 


(AL the photographs are magnitied SOO.) 
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exclusively of seemingly rapidly multiplying large bacilli as shown in Fig. 1. 
Six hours’ culture was long enough to cover the whole peptone area on the 
‘glides with a dense growth of these same organisms. After only 9 hours of 
culture, a secondary growth was to be noted on the slides, which was com- 
posed of pale small bacilli and of the mycelia of actinomycetes. 
In 24 hours the large bacilli altered their arrangement to chains of spores 
(Fig. 2 and 3); the secondary growth grew in importance and was joined 
by moulds. In 40 hours’ time the whole process of peptone decomposition 
seemed to be finished: a few spores were left and decaying hyphae were 
attacked by groups of pale thin bacilli 
(compare with Fig. 9). This visual obser- 
yation of the decomposition of fungi by 
bacteria is of interest in view of the 
work of Jensen (6). In the infertile 
acid soils (Table 2) peptone seemed to 
be attacked first by moulds. Their growth 
was not so rapid by far as was the growth 
of the specific bacilli in garden soil. The 
maximum development of moulds was 
teached in both the acid soils investigated 
here after 16 hours and was accompanied 
or closely followed by the development 
of actinomycetes. Specific bacilli 
were found first after 24 hours of culture. 
It may be that their germs were con- 
taminants, or they may be present in 
the soils in a reduced 
number and in a tem- 
porary inactive form, 
and that they could 
develop only when the 
biochemical action of 
moulds on peptone 
had ‘neutralised the 
soils to a suitable de- 
gree. This question 
was studied further Fig. 6. Fructification of moulds, after 24 hours of culture 
by means both of the =~ in sandy soil with pH 4.5—5.0. 
“Aufwuchsplatten” Fig. 5—6. Growth on slides with Alanine. 
method and in “spon- 
taneous” cultures with peptonised soil, as shown in Table 3. 

Alanine. Coccobacteria were found after a few hours of 
culture on slides with garden soil, and they were accompanied by a few 
moulds. After 24 hours the coccobacteria still predominated 
(Fig. 5), but moulds and actinomycetes were also abundant. 

In acid soils, only moulds developed in the first hours of culture. After 
24 hours actinomycetes were also to be noted. Fig. 6 shows charac- 
teristic conidia formation of moulds, a picture very common in acid soils 
after 24 hours of culture with alanine. 

Asparagine. — Asparagine was also among the first compounds 
to be decomposed. and. just as were peptone and alanine. it was attacked 


Fig. 5. Coccobacteria, after 
24 hours of culture in garden soil. 


4 


Zweite Abt. Bd. 91. 25 
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by bacterial agents in garden and in loamy soil, while, in acid soils, moulds 
alone or associated with actinomycetes, were the agents of its 
initial destruction. Among the bacterial agents, two different forms have 
been found: in garden soil thin, pointed rods invaded the whole asparagine 
slide after 6 hours of culture and in loamy soil the corresponding growth 
consisted of big, sharply granulated rods in chains (Fig. 4). 

Urea. This compound seemed to be decomposed very slowly in all 
the soils studied. In neutral soils a moderate growth was noticeable only after 
2—3 days of culture; after a similar time growth was still very weak in acid 
soils. In both the neutral and acid soils the growth was composed only of 
bacteria, among which long and thin rods seemed to be the most abun- 
dant forms. . 

Non nitrogenous Substances. 

To the non-nitrogenous compounds mineral nitrogen was added in the form of 
a few mg. of potassium nitrate on each slide. 

Glucose. This was the most readily attacked of the non-nitrogenous 
substances. In garden soil, rich in mineral nitrogen, growth was noted after 
6 hours. After 24 hours an abundant growth of Clostridium-like forms wa: 
to be seen. No investigations were made in the loamy and in acid soils. 

Starch. Of the substances tested, starch was second only to glucose 
in attractiveness for the soil micro-organisms. In garden soil, chiefly long 
and thin bacilli developed after 16 hours, and the secondary growth consisted 
of actinomycetes and of moulds. In sandy acid soils the chief agents 
of destruction were actinomycetes, accompanied by moulds and 
by a poorly developed bacillary growth (Fig. 7). 

Stearic, palmitic and oleic acids. These higher fatty 
acids have been used here as free acids, and comparative trials with their 
salts have not yet been made. In the cases of stearic and palmitic acids, the 
agents of decomposition in neutral soils have been chiefly actinomycve- 
tes (Fig. 8). The maximum development of the actinomycete- 
was reached on the fourth day of incubation. Moulds developed too, but no 
bacteria. These two acids seemed therefore to be valuable means for the 
study of actinomycetes directly in the soil. 

In poor acid soils (Table 2) neither palmitic nor stearic acid was at- 
tacked as rapidly as in the fertile soils, and the agents of destruction were 
chiefly moulds, among which sporulating penicillia-like moulds were fre- 
quently to be noted. The only unsaturated fatty acid tried — oleic - 
was attacked first by moulds both in acid and in neutral soils. After some 
seven days of culture actinomycetes were to be found, and tli 
gew in importance after 10—17 days of culture. 

Instructive associations, similar to those found by Conn (3), have 
been observed on both stearic and on oleic acid slides after one week im 
garden soil: the disintegrating hyphae of moulds attacked by characteristic 
long and pale bacilli and by smallcocei (Fig. 9 and 10). With all the soils 
investigated, oleic acid showed itself to be a very good reagent for the direct 
study of moulds in the soil. The hyphae of moulds bound the soil tightly 
to the microscopic slide, and their growth was so thick, that it could be 
seen with the naked eve. 

XNylan. Nylan was chosen from among the pentosans as being 1) 
haps the most common in plant material. In about 2 days of incubat) 
both in neutral and in acid soils. it gave rise to a noticeable growth. 
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growth consisted, in the neutral soils, chiefly of big sporophoric bacilli, and 
in the acid soils, of moulds and actinomycetes. 

Agar-Agar. The readiness of its destruction in soils was studied 
only in garden soil. Actinomy- 
cetes were found to develop very 
abundantly in it after some days of 
culture. 

Phenol. The quantity of it 
on the slides amounted to about 
20 mg. As was to be expected, the 
growth of micro-organisms on it was 
very slow. Though growth was noted 
already after two or three days, it 
grew more dense only after seven 
days in garden soil. No growth could 
be found on phenolised slides in acid 
soils during ten days of incubation. 
The growth in garden soil consisted 
of small irregular rods and of Plec- 
tridium-like forms. No moulds Fig. 7. Slides with Starch: Germinating 
or actinomycetes were developed by Actinomycetes and Moulds in sandy 
the presence of phenol in either of soil with pH 4.5 after 21 hours of culture. 
these soils. 


Fig. 8. Fig. 9. 
~ Fig. 8—9. Slides with Stearic acid: 
Fig. 8% Actinomycetes in garden soil after + days of culture. 
Fig. 9. Secondary growth of thin pale rods and cocci on decaying hyphae of 
moulds after 7 days of culture in sandy acid soil (pH 4—4.5). 


Many of the micro-organisms found here have already been described 
by Winogradsky (4), as specific agents of organic matter decompo- 
sition, Among others the same specifie microorganisms seemed engaged in 
the decomposition of peptone, cellulose and higher fatty acids, both in the 
fertile soils of the region of Brie (studied on elective silica-jelly plates) and in 
our soils studied here by means of the “Aufwuchsplatten” method. However, 
our results were different. when poor acid soils were investigated instead 
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of rich neutral soils. In acid soils the quantity of bacteria seemed to be 
greatly reduced, and in their place, moulds and also actinomycetes 
spontaneously developed in contact with the organic substances. It should 
be borne in mind, however, that the soils chosen for our investigations have 
been exceptionally acid. 

In order to see how frequent is a dominance of moulds in acid soils. a 
special set of soils was tried again with peptone. This new peptone seric- 
was also investigated with the help of Winogradsky’s original tech- 
nique (4) of “culture spontanée” in the soil. The comparison enabled 
an idea to be obtained, as to how far the results obtained with the technique 
of Cholodny may be representative for each soil. instead of being simply 
casual. For repeated trials with peptone, four acid soils were chosen with 
a pH of 4.0—5.0, and two neutral soils. Investigations with the method 
of Cholodny were carried out in the same way as those already described. 

The ‘direct method” 
F., < (Culture spon- 


<a 
AR 


tanée) of Wino 
gradsky was applic: 
to all these soils, by 
mixing them with 0.25%, 
of their weight with 
peptone and incubating 
them in Petri dishes 
at 30°C. Investigations 
have been carried out 
with both these techni- 
ques simultaneously. 
From the soil mixo 
with peptone and kep: 
Fig. 10. Secondary growth of Actinomycetes and 1 Pe tr i dishes, j 
thin Rods on decaying hyphae after 7 days of culture suspensions and centri- 
with Oleic acid in garden soil. fugates were prepared 
lege artis (Wino- 
gradsky, 4) and examined in erythrosine-stained preparations at the 
same time as the “Aufwuchsplatten”. The results obtained with both 
these methods are given in Table 3. 

Both the neutral soils gave the same uniform and rapid developmen! 
of large spore-forming bacilli in chains, as was found in the first experimen! 
(Table 1). Already after six hours its growth was marked, as found be 
in suspensions of soil, with which peptone had been mixed, and on the pi 
tone-coated slides. Noticeable quantities of free ammonia were evolves 
from the soil containing peptone. in fact sufficient to change the colour ol 
moist red litmus paper. The four acid soils proved to be much less active 
in peptone decomposition. Free ammonia was noticed in one of them (No. >- 
with a pH of 4.8— 5.0), after 24 hours of incubation and after 48 hours m 
the rest of the acid soils (Nos. 4. 5. 6 in Table 3.) The following microbial 
cells were found in acid soils’): 

Soil No. 3 (Table 3) gave in the first stages of culture a mixed grow?! 
of the specific peptone bacilli. some Azotobacter- like cells. wh 


1) Tt should be noted that these findings reter equally to the peptone slides 
to microscopic preparations from Petri dishes with peptonised soils. 


SNe On y T ee 


4—5 6 | 


Thick growth of 
big Rods in 
long chains. 
Free Ammonia 


No. Soils 
l Garden soil, ph 7.0 | A few big Rods 
in long chains 
2 Fertile Loamy soil, | A few big Rods 
ph 6.8—7.0 in long chains 


Thick growth 
of same big 


Rods. Free Am- 


Mixed growth of 
sporeform. Rods 
in chains, Actino- 


monia mycetes, Moulds 
a. small Bacteria 
3 | Podsol on clay, None A few Moulds | Many Azotob.- | Chiefly sporefor- | Thick growth of| After 72 hours: 
ph 4.8—5.0 a. Azotobact.- | like cells, few | ming Rods mixed | sporeformers, many spores of 
like cells in Moulds a. big | with Actinomyce-| Moulds a. Acti- big Rods, Micro- 
chains Rods in chains.| tes and Moulds. nomycetes cocci. Free Am- 
No free Am- | Free Ammonia monia 
monia 
4 Poor sandy soil None A few Moulds —- Sporeformation of — Thick growth of 
(control plot in Moulds, long long pale Bacilli 
Exp. Field), ph chains of spore- round decaying 
4,8—5,0 form. Rods, Acti- hyphae. Free 
nomycetes, and Ammonia 
Plectridia. No 
free Ammonia 
© Poor sandy soil | None None Incipientgrowth| Thick growth of | Thick growth of | Many spores of 
(plot with sulph- of Moulds Moulds in spore- Moulds and thin | Moulds; hyphae 
ammonia, in same formation Bale Bacilli. No | decaying, many 
as + Exp. Field), free Ammonia pale Bacilli. Free 
ph 4.0—4.5 : . Ammonia 
6- Podsolised soil on None None None Many Moulds, be- | Thick intermixed | Many pale Bacilli, 


heavy elay, ph 4.0 | 
—4.5 | 


ginning growth of 
Actinocycetes a. 
of single Rods 


growth of spore- 
form. Moulds, Ac- 
tinomycetes, and 
singlo Rods. A 
few Acotobacter- 
like cells. No 
free Ammonia 


round decaying 
hyphae of sporu- 
lating Moulds, 
Actinomyces. 
Free Ammonia 


e 
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were very similar to those found in the soils by Dianova and Voro- 
ehilova (7), and moulds. In the other three acid soils (Nos. 4, 5, 6. 
same table), growth of moulds was the first to be noticed. The bacterial 
growth and also actinomycetes were to be found only after 24 
or more hours of culture. The big sporeformer, so typical for the fertile 
neutral soils, was seemingly replaced by other bacillary forms in the ver 
acid soils. The results obtained with this set of trials with peptone confi 
med, in general, the previous results summarised in Tables 1 and 2. Thai 
is: in very acid soils the attack on peptone was due to moulds and the nu- 
merically small or temporarily inactive bacterial agents developed in acid 
soils only as secondary growth, for which the action of moulds had evi- 
dently created appropriate conditions. 

A still more extensive study with different soils and compounds would 
be needed, to show in detail, how far the soils reaction affects the special 
activities of different groups of micro-organisms in the soil. 


Fig. 11. Fig. 12. 
12. Thermophilie culture with Peptone at 60—65° C.: 

Fig. 11. Thin granulated rods, after 5 hours of culture in garden soil. 

Fig. 12. Big Clostridium -like rods after 11 hours of culture in same sa! 
den soil. 


Fig. 11 


Peptone has also been employed by the author to survey the pos! 
bility of applying the Rossi-Cholodny technique to a study ol #” 
aerobic and thermophilic micro-organisms present in the soil or in o 
manures. 


l 


Anaerobic peptone decomposition in soils. 

For this study slides with peptone were inserted in a pot with gard! 
soil, which was totally saturated with water and kept at 30° C in a vacut! 
desiccator, on the bottom of which was an alkaline solution of pyrogall: 
(Fig. 14). The peptone slides used here for the study of the correspondil 
anaerobic microflora in garden soil, revealed the presence of the big sperm 
forming bacillus in chains, which had been found also in aerobic conditi"! 
(cf. Figs. |. 3). After five hours its growth was very slight: after 
at 30° C long chains were found interspersed with various small ri 
slides had an intense smell of typical putrefaction. 
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hermophilic micro-organisms of peptone decom- 
position. 


* Investigations on the presence and nature of thermophilic microorgan- 
sms in the soils have been made only with peptone and only in garden soil. 
A soil sample of about 50 gm was mixed with 0.25% of its weight of peptone, 
and slides smeared with peptone were inserted in it, the whole being kept 
in Petri dishes and in a moist chamber at a temperature of 60—65° C. 
‘Litmus and silver nitrate papers were suspended above the dishes to indi- 
cate the commencement of peptone decomposition under thermophilic con- 
“ditions. After only three hours of incubation the silver nitrate paper dar- 
‘kened, owing to evolution of H,S, and in five hours free ammonia affected 
‘the litmus paper. 

| Microscopical examinations were made after 5, 7 and 11 hours of culture. 
‘The heated soil smelt very much like fermenting farmyard manure. The 


‘growth of the micro-organisms was vigorous after five hours of culture. 


Fig. 13. Fig. 14. 
Fig. 13. Plant residue after 3 weeks of culture in garden soil: heavy growth of 
Actinomycetes with sporulating threads. 
Fig. 14. Apparatus for Anaérobic culture. 


It consisted of long and thin, sharply granulated rods in pairs or in threads 
(Fig. 11) and of rods with terminal spores. The growth was extremely vigo- 
tous during the whole time of culture. A common finding in one microscope 
field was the presence of all of the following: germinating spores, vegetative 
tods, rods with spores, and pale shadows of already destroyed vegetative 
tods, all mixed together (Fig. 11). Big Clostridium-like rods deve- 
oped after 11 hours (Fig. 12). The method seems to be valuable for the 
qualitative study of the mixed thermophilic organisms present in soil. It 
tay be also applied, with appropriate modifications, to the study of the 
thermophilic agents in organic manures. 


A further application of Rossi-Cholodny technique was made 

8 a means of study of the microbial flora engaged in the decomposition 
of actual plant fragments, added to the soil. For this trial fresh plant leaves 
Were finely shredded and attached by their own juice to the glass slides. 
e slides were put, as usual, in covered glass pots with soil, and kept at 
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30° C. The study was not followed systematically here, but a few interesting 
results may be reported. In the first few hours of incubation, initial growth 
was provided by the big rods in chains so characteristic for decomposition 
of peptone, and by some smaller rods. More bacteria and a thick growth 
of moulds followed in the next stages of the plant decomposition, whilst 
actinomycetes were the last to develop and assumed an increasing 
importance with the advance of the decomposition processes. After 2- : 
weeks of culture at 30° C, bacteria were found mostly in the form of spores: 
vegetative hyphae of moulds were still present, but the greater part of the 
microbial flora consisted of actinomycetes, which were accumu- 
lated in heaps of sporulating threads (Fig. 13). 


As far as undisturbed soil profiles are to be studied in regard to the 
aspect of the microbial development in them, the laboratory technique of 
the “‘Aufwuchsplatten” needs to be still further improved. For the purposes 
outlined in this study some additional experiments in laboratory conditions 
have been carried out, using, as far as possible, undisturbed soil profi! 
Soil samples were taken as whole soil blocks, in special tins (Fig. 15). ac: 
soil block was cut in half with a 
very thin and sharp knife, so as to 
keep their original structure possibly 
undisturbed. Coated slides were 
pressed between the two halves of 
the soil blocks, and the whole was 
inserted in a crystalliser. The cery- 
stallisers were covered with glass 
plates, so as to leave some free space 
above the soil for aeration (Fig. |) 
iv. je Win tori i i After a period of incubation the: 

g. 15. in box for soil sampling and a 7 
culture in crystalliser, containing a soil des were very carefully removed iron 
sample with undisturbed soil structure. the soil, and were examined, first al 

low powers without any staining oF 

otherwise disturbing the structure of the soil particles on the slides. The 
development of the mycelia could be observed well in this way. For in- 
vestigations carried out at higher magnifications, the bigger soil particle 
were carefully removed from the slides, and the preparations were fixed 
with alcohol and stained with phenol-erythrosine. Only a few trials have 
been made in this way, but they seemed worth while reporting alres! 
here. The growth on peptone slides was very characteristic: colonics 
formed with the shape of radiant stars, which consisted of long cit 
of the typical big rods. The chains spread in different directions, throws" 
narrow free spaces, which are left between the soil particles. This techniqu" 
does not seem easy of application to light, friable soils. 


Discussion and conclusions. 

All the results which are grouped in ‘Tables 2 and 3. or shown in the 
Figures, may be considered as a qualitative demonstration of the acHiyti 
of microbial factors engaged in decomposition of the organie matter. 1 
tion to: 

1. The nature of the organie matter itself, 

2. The character of the soils (their composition. reaction. ete.’ 
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» 3. The environment conditions (moisture content of soils, tempera- 
ire, etc.). 

| The Rossi-Cholodny-Conn technique applied to this study, 
holly confirmed the dominant role of bacteria in the decomposition pro- 
sses of some of the commoner organic compounds, in non-acid and fertile 
ls. It confirmed also the specific character of different groups of micro- 
anisms — especially of the bacteria — in relation to their ability to 
bak down organic compounds in the soil, which had been so brilliantly 
monstrated by Winogra dsk y (4,5). The distinctly different cha- 
ster of four groups of bacteria, engaged: one in peptone, another in alanine, 
id the third and fourth in asparagine decomposition (Fig. 1—5), may 
fve as a characteristic example of the elective value of different nutrients 
fsoil microbial activity. 
Actinomycetes and moulds have been noted, as organisms 
sll adapted for the direct assimilation of higher fatty-acids and of agar-agar. 
ley also occurred, with many of the specific bacteria, as secondary growth 
processes of decomposition or reassimilation. The actinomycetes 
med to play a very marked role in the ultimate decomposition stages 
plant residue, after the action of moulds and bacteria had finished. As 
wn by this method, the type, and, more especially, the reaction of soils 
y a very important part in defining their microbial activity. In fertile 
Js and in soils not acid, the decomposition processes are far more 
pid than in poor acid soils. In the case of the fertile soils the chief 
ents of organic matter destruction have been found to be groups of 
steria, whereas in the acid soils investigated here bacterial activity was 
stituted by that of moulds either alone or in association with acti- 
Imycetes (Table 2). These remarks hold good as a rule for the 
Hole set of non-nitrogenous organic compounds in presence of potassium 
trate. With the amino-acids, like asparagine or peptone, the question 
$ not so clear. However it seemed, that the action of bacteria on these 
pounds in acid soils, became possible only when the first attack of moulds 
them had neutralised the acidity to a degree suitable for the specific 
terial agents. Urea was an exceptional compound in our series. It was 
lacked only by bacterial agents, in spite of the different characters of the 
8, in which it was tried. 
With most of the compounds investigated and in all of the studied soils 
€ actinomycetes occurred, as a rule, as a secondary growth, after 
& first attack of specific micro-organisms on the given compounds was 
Wer. Among the secondary growth some specific groups of bacteria com- 
lonly were present, feeding on the decaying micro-organisms. This picture 
id already been noted by workers, who used the original methods in the 
üdy of microbial associations in untreated soils. 
© The influence of external conditions on the nature of soil microbial 
pets, engaged in decomposition processes can be checked by the same me- 
lod, as shown by the results obtained by the author in cultures, when kept 
different temperatures, or at a different state of aeration. 

The method of the ‘““Aufwuchsplatten” applied to the study of the effect 
Soil micro-organisms of different organic compounds or of actual plant 
Mctures, ought to be improved by additional laboratory investigations. 
Hen care is taken not to disturb the structures on the microscope slides, 
3 picture of the growth and disposition of microbial colonies and of the 
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interrelationships between their different groups can be followed very clo- 
sely. In the author’s trials, no qualitative differences have been noted bet- 
ween this method of “coated slides” and the “culture spontanée” of Win o- 
gradsky, in respeet of the morphological natare of the microbial agents, 
which developed in the presence in the soil of different organic compounds. 
However, in cases of treated as well as untreated soils, much care must þe 
taken in order to avoid false interpretation from what may be purely casual 
results. In any case, the author considers the direct study of the “physiognw- 
my” of different life processes in the soil, to be a notable addition to those 
methods already outlined by Winogradsky, for the study of the 
nature and biochemical activity of soil micro-organisms. Valuable in- 
formation respecting bacterial life in the soil might also be obtained by 
considering results derived from the “Aufwuchsplatten”-technique in con- 
junction with direct counts of soil bacteria by the method of Thornton 
and Gray (8). 


Summary. 


The laboratory modification of the direct method of Rossi ani 
Cholodny, as introduced by Conn, was applied here to the study 
of the stimulating influence of twelve organic substances on the activity 
of different groups of soil micro-organisms. 

Good illustrations of the changing “physiognomy” of the microscopic life 
of the soil were obtained in relation to: 

1. The chemical nature of the organic substance. 

2. The soil’s character. (Fertile or poor; neutral or acid.) 

3. The external conditions. (Temperature; oxygen content of atmo- 
sphere.) 

Trials were made to improve the laboratory method, in particular. in 
relation to the study of the microbiology of soil profiles. 


The writers best thanks are due to professor 8. Winogra dsky for reading 
tha manuscript, to Mr. H, Nicol, M. Sc. from the Rothamsted Experimental St 
tion for his help in rearranging its English form, and to Dr. M. Latyszewskiler 
his assistance in making the photographs. 
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